The experiment compared the effects of strain and age on egg quality characteristics in ISA Brown, Hisex Brown and Moravia BSL brown-egg laying hens. One hundred and eight ISA Brown hens, forty-five Hisex Brown and forty-five Moravia BSL 20 to 60 weeks old were housed in conventional cages (550 cm 2 per hen). Feed and water were available ad libitum. Eggs were sampled at 21-day intervals, every collecting week 150 eggs per genotype in three age periods, from 20 to 26 weeks, 37 to 43 weeks and 54 to 60 weeks of age. A total of 4,050 eggs were examined. Egg quality characteristics were affected by genotype and age. Egg weight, yolk weight and percentage, Haugh Units increased with the hens' age in all genotypes, but albumen and eggshell percentage decreased, eggshell thickness and strength improved with age. The highest egg weight (65.3 g) and yolk quality (yolk index 45.1%) were found in Moravia BSL at the end of the experiment. In contrast, the best albumen quality (albumen percentage 60.0) values were in Hisex Brown and the eggshell quality measurements (eggshell thickness 0.38 mm) were higher in ISA Brown. -egg layers, strain, ISA Brown, Hisex Brown, Moravia BSL, age, yolk, albumen, shell quality, correlation 
The monitoring of egg quality characteristics is important mainly in terms of production economy. The attention is devoted especially to eggshell quality, because cracked eggshell presents higher losses for market-egg producers. Therefore, it is very important to evaluate the egg quality characteristics and factors affecting them. The genotype is one of the most important factors, influencing not only egg weight but also other egg characteristics.
The genotype affects mainly egg weight and eggshell characteristics. Several studies have shown heavier eggs in brown hens than in white ones (Halaj and Grofík 1994; Arent et al. 1997; Heil and Hartmann 1997; Ledvinka et al. 2000; Leyendecker et al. 2001a; Vits et al. 2005) . Baumgartner et al. (2007) reported a significant effect of age on egg weight in the Leghorn type hens. Egg weight influences the weight of its components as well. The correlations between the egg weight and the albumen weight, yolk weight, eggshell weight are high and range from 0.67 to 0.97 (Zhang et al. 2005) . Harms et al. (1990) reported the range of correlation between egg size and eggshell thickness as 0.92-0.97. The egg shape index can also be affected by the genotype (Tůmová et al. 2007) . Egg shape index in the white hens Shaver Starcross 288 was higher than in the brown Moravia SSL (Halaj and Grofík 1994) .
The effect of strain on yolk and albumen quality characteristics was observed by Tůmová et al. (1993) . They found significantly higher yolk weight and percentage in Hisex Brown in brown eggs than in D-29 with white eggs. In contrast, Leyendecker et al. (2001b) showed significantly higher yolk weight in white egg chickens (Lohmann LSL) in comparison with the brown Lohmann Tradition. Heritability of the yolk weight is 0.45 (Zhang et al. 2005) , 0.22 (Hartmann et al. 2000) . From albumen quality characteristics only Haugh Units were influenced by genotype (Tůmová et al. 2007 ). Leyendecker et al. (2001b) found significantly higher value for Haugh Units in white layers than in brown hens. Zhang et al. (2005) showed that heritability of Haugh Units is 0.41 and for albumen weight 0.59. However, Hartmann et al. (2000) found 0.41 for albumen weight. The genetic correlation between yolk percentage and yolk weight was 0.52, whereas the genetic correlations with egg weight and albumen weight were -0.51 and -0.74, respectively (Hartmann et al. 2000) . With higher egg weight, the average albumen percentage increased (Arent et al. 1997) . The genotype significantly affected the yolk index (Tůmová et al. 2007) .
The eggshell quality is given through its weight and percentage of the eggshell, thickness and strength. The main differences in eggshell quality depend on the way of breeding, strain or pure lines (Buss and Guyer 1982) . Egg weight directly affects the egg size and shell thickness. For instance brown hens D 102 had a higher shell weight in comparison with lines of White Leghorn (Ledvinka et al. 2000) . Basmacioglu and Ergul (2005) did not report a significant effect of the genotype on shell percentage and thickness. Main differences in eggshell quality were between the white and brown hens. Brown eggs had a thicker eggshell than the white ones (Ledvinka et al. 2000) but Halaj and Grofík (1994) and Leyendecker et al. (2001b) found a thinner shell in brown eggs. Eggshell deformation was 35.7 mm in brown eggs and 32.6 mm in white. Significantly higher negative correlation among eggshell deformation and eggshell strength and thickness was found in brown eggs compared to white eggs (Halaj and Grofík 1994) , but on the other hand, in white eggs these correlations were only slightly negative. Non-significant differences in shell strength were determined by Tůmová et al. (2007) in variable brown strains. However, higher shell strength was revealed in white egg chicken (Halaj and Grofík 1994; Ledvinka et al. 2000) . Heritability of eggshell weight is 0.64, eggshell thickness 0.34 and eggshell strength 0.24 (Zhang et al. 2005) .
The age of hens is another of the factors influencing egg weight. Peebles et al. (2000) , Silversides and Scott (2001) , Oloyo (2003) , Van den Brand et al. (2004) , Rizzi and Chiericato (2005) , Johnston and Gous (2007) showed that the egg weight increased with the hens' age. On the other hand, Zemková et al. (2007) demonstrated that the egg weight was not influenced significantly by age. The age of hens also increased yolk weight (Rossi and Pompei 1995; Suk and Park 2001; Van den Brand et al. 2004) , albumen weight (Rossi and Pompei 1995; Suk and Park 2001) and yolk proportion (Rossi and Pompei 1995; Rizzi and Chiericato 2005) , but decreased albumen percentage (Van den Brand et al. 2004; Rizzi and Chiericato 2005) . The age of hens influenced the eggshell quality (Silversides and Scott 2001; Campo et al. 2007 ) which deteriorated with advancing age of hens. On the other hand, Yannakopoulos and Tserveni-Gousi (1987) observed that the eggshell was thicker with hens' age, while Yannakopoulos et al. (1994) found no significant effect of the age of hens on eggshell characteristics. No effect of age on eggshell thickness was found by Van den Brand et al. (2004) and the shape index of the eggs decreased with age. The eggshell traits may be affected by interactions of age and breed (Campo et al. 2007) .
The objective of this study was to determine the effect of strain and age on egg quality measurements and any possible interaction between these effects.
Materials and Methods

Animals, design and analyses
The monitoring was carried out on 198 brown-egg laying hens divided into 3 groups depending on genotypegroup 1 was ISA Brown (108 hens), group 2 Hisex Brown (45 hens) and group 3 Moravia BSL (45 hens). Moravia BSL is a three-strain hybrid of the black colour bred in the Czech Republic. The advantage of this genotype is its remarkable vitality and resistance. The live weight at the age of 18 weeks was 1,650 g and at the end of the laying period 2,200 g. The egg production per housed hen was 290 eggs with the average egg weight of 60.7 g.
Hens were housed in a three-floor Big Dutchman Eurovent cages (3 hens per cage -550 cm 2 per hen) at the age of 15 weeks. Hens were divided into cages randomly with the same number of hens on each floor for each genotype. The experiment was conducted at the age of 20-60 weeks. Eggs for analyses were sampled in three different parts of the laying period (from 20 to 26 weeks, from 37 to 43 weeks, from 54 to 60 weeks of age). In each period, 150 eggs from each group were sampled at a 21-day interval. In total, 4,050 eggs were examined. The egg weight, yolk, albumen and shell after drying, the shape index of the egg, yolk and albumen, percentage of yolk, albumen and eggshell were determined. The albumen height and Haugh Units were determined by QCH and QCM + device (TSS England). Deformation of the eggshell and its strength were evaluated using the QC-SPA device (TSS England). Shell thickness was measured by the QCT device (TSS England) and shell colour by the QCR device (TSS England).
Statistical analyses
The statistical analysis of the data on egg quality characteristics was performed by two-way analysis of variance, including the genotype and age and their interaction, using the GLM procedure of SAS (SAS Institute Inc., 2003) . Correlations between egg quality characteristics were determined according to the PROC CORR procedure of SAS by Pearson correlation coefficients (SAS Institute Inc. 2003).
Results and Discussion
The egg weight increased with the layer's age in all genotypes (Table 1) . These results are in agreement with Peebles et al. (2000) , Silversides and Scott (2001) , Oloyo (2003) , Van den Brand et al. (2004) , Rizzi and Chiericato (2005) , Baumgartner et al. (2007) , Johnston and Gous (2007) who showed that egg weight increases with the age of hens.
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Moravia BSL (51.1 g) at the beginning of the experiment, but at the end of the experiment Moravia BSL produced the heaviest eggs (65.3 g).
The quality of yolk is given by yolk weight and its percentage. Both of these variables increased with age in all genotypes. The highest (P ≤ 0.0001) yolk percentage was at the age 36 to 42 weeks and 52 to 60 weeks of age in Moravia BSL (29.23 and 30.13%, respectively) in comparison with eggs of Hisex Brown (26.93 and 27.76%, respectively) and ISA Brown (26.94 and 28.12%, respectively). Rossi and Pompei (1995) , Suk and Park (2001) , Van den Brand et al. (2004) , Tůmová and Ledvinka (2009) confirmed that the yolk weight and yolk percentage (Rossi and Pompei 1995; Rizzi and Chiericato 2005) significantly increased with the hens' age, which is in agreement with our result.
Highly significant interactions (P ≤ 0.0001) were also seen in all albumen quality characteristics: albumen weight, albumen percentage, albumen index and Haugh Units. As egg weight increased with the age of hens, so did the albumen weight, which is in agreement with Rossi and Pompei (1995) , Suk and Park (2001) . The albumen percentage decreased with the hens' age and it corresponds with the studies of Van den Brand et al. (2004) and Rizzi and Chiericato (2005) , who stated that the albumen percentage decreased with age. On contrary, values of Haugh Units increased with the age of hens and were significantly affected by the genotype. The highest values in the first period were determined in ISA Brown eggs (90.3), but in the third period these values were the lowest (80.0).
The data in Table 3 show significant differences in eggshell quality. Interaction between genotype and age of hens was found in all eggshell quality characteristics. Eggshell percentage decreased with age of hens in all genotypes. Significantly (P ≤ 0.001) the highest eggshell percentage was in ISA Brown eggs in all periods of the experiment. Basmacioglu and Ergul (2005) described a non-significant effect of the genotype on shell percentage. In our study, as eggshell percentage increased, thickness and strength improved in all genotypes. The eggs of ISA Brown had a thicker eggshell than the other genotypes. Yannakopoulos and Tserveni-Gousi (1987) Genotype Age the eggshell thickened with the hens' age, which is in agreement with our results. On the other hand, Yannakopoulos et al. (1994) found no significant effect of the age of hen on eggshell characteristics and on eggshell thickness (Van den Brand et al. 2004 ).
The results of our experiment are in accordance with the findings of Ledvinka et al. (2000) , who found a thicker eggshell in brown eggs. In contrast, Halaj and Grofík (1994) and Leyendecker et al. (2001b) found a thinner shell in brown eggs compared to the white ones. The colour intensity of the eggshell decreased with age in all genotypes. Moravia BSL had a lighter eggshell compared to Hisex Brown or ISA 89 Table 4 . Highly significant (P ≤ 0.001) negative correlation between egg weight and proportion of the eggshell on the mass of the egg (-0.400) was found. On the other hand, highly significant (P ≤ 0.001) positive correlations between eggshell percentage and thickness, strength (0.550 and 0.240, respectively) were determined. Table 4 shows that the correlation coefficients of eggshell thickness with eggshell colour were positive (0.152, P ≤ 0.001), but that of eggshell strength and proportion with eggshell colour were negative (-0.260, NS and -0.108, P ≤ 0.001).
Egg quality characteristics were affected by the interaction of genotype and age. The highest egg weight and yolk quality were found in Moravia BSL at the end of the experiment. In contrast, the best albumen quality values were found in Hisex Brown. In addition, the eggshell quality measurements were higher in ISA Brown. The highest deviation in egg weight during the experiment was in Moravia BSL. /ks). Nosnice byly krmeny od 20. do 40. týdne věku komerčním typem krmné směsi N1 (16,4 % N-látek; 11,6 MJ ME) a do 60. týdne věku N2 (14,9 % N-látek; 11,6 MJ ME). Příjem krmiva a vody byl ad libitum. Vejce pro účely analýz byla sbírána v období od 20. do 26. týdne, od 37. do 43. týdne a od 54. do 60. týdne věku nosnic a to v intervalech po 21 dnech, v počtu 150 ks vajec v daném týdnu v rámci genotypu. Celkově bylo k rozborům použito 4050 vajec. Kvalita vajec byla ovlivněna genotypem a věkem. U všech genotypů se s věkem zvyšovala hmotnost vajec, hmotnost a procentuálně podíl žloutku, Haughovy jednotky, ale snižoval se procentuální podíl bílku a skořápky, zlepšila se tloušťka a pevnost skořápky. Nejvyšší hmotnost vajec (65,3 g) a index žloutku (45,1 %) na konci experimentu byl zjištěn u genotypu Moravia BSL. Naopak, nejlepší ukazatele kvality bílku (procentuální podíl 60,0 %) byly u genotypu Hisex Brown a ukazatele kvality skořápky (tloušťka 0,38 mm) byly vyšší u genotypu ISA Brown.
